ABSTRACT: Phytoplankton and microphytobenthic biomass were investigated over a 4 yr period in the drought-stricken St Lucia Estuary, KwaZulu-Natal, South Africa. This is the largest estuarine lake in Africa and part of the iSimangaliso Wetlands Park, South Africa's first World Heritage Site and a Ramsar Wetland of International Importance. The present study aimed at identifying the factors controlling the extreme variability in its ecological functioning. Water-column chlorophyll a (chl a) concentrations averaged (± SD) 32.3 ± 53.4 mg m -3
INTRODUCTION
Shallow lakes around the world have recently received substantial research attention, in response to anthropogenic impacts on their structure and functioning (e.g. Scheffer 2004 , Crossland et al. 2005 . Often, in freshwater lakes, such impacts have led to a shift from a clear-water, macrophyte-dominated to a turbid microalga-dominated state (Mitchell 1989 , Moss 1994 , van der Berg et al. 1998 . Estuarine lakes are more complex than their freshwater counterparts, in that they experience regular tidal action as well as the large-scale variability associated with climatic cycles in the ocean and on land. Superimposed upon these processes are the same anthropogenic manipulations that inland lakes experience. In large regions of the , with the highest value reaching 413 mg m . Both are among the highest values so far reported in the literature for any estuarine ecosystem and by far the highest values reported for any South African estuary. Areal phytoplankton biomass was highest in the Mouth and Narrows region, declining in the South and North lakes, while microphytobenthos showed the reverse trend. Ordinations and cluster analysis revealed that phytoplankton biomass differed between the southern and northern halves of the system, while differences in microphytobenthic biomass were found between the Narrows and the rest of the system. Dissolved inorganic nitrogen to phosphorus ratios were greater and lower than the Redfield optimum (16) 60% and 27% of the time, respectively, indicating that microalgal production may be limited by availability of either P or N for part of the year, with a peak in growth during summer. Water level and mouth state are key factors controlling microalgal biomass within the estuary. During the closed phase, the shallow waters and vast surface area of the lakes region led to the development of hypersaline conditions and temperatures occasionally approaching 50°C. The negative effects of such extreme conditions on grazers, as well as negative correlations between grazer densities and microalgal biomass, have been documented in previous work on the system. This would suggest that the interaction between the physical environment and grazers may be important in regulating microalgal biomass in the estuary.
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Resale or republication not permitted without written consent of the publisher world, the variability in the dynamics of estuarine lakes also includes regular changes between open (i.e. communicating with the ocean) and closed (i.e. completely isolated from the ocean) mouth states (Whitfield 1998 , Roy et al. 2001 . These hydrological shifts have been shown to cause large temporal and spatial variations in microalgal composition, biomass and production (Bonilla et al. 2005 , Gobler et al. 2005 , Anandraj et al. 2008 .
Estuarine lakes play a major role as nursery areas for the ontogenetic development and seasonal migration of a number of fish and invertebrate species of particular commercial and conservation value (Whitfield 1998 , and the St Lucia Estuary is no exception (Wallace & van der Elst 1975 , Begg 1978 , Benfield et al. 1989 . The system has also supported a commercial prawn fishery since the 1950s, as well as other recreational and subsistence fisheries, and is recognised throughout southern Africa for its excellent fishing and rich bird life and as a national and regional asset (Begg 1978) . The uniqueness of this system has been widely recognised, especially with its incorporation into South Africa's first World Heritage Site (Greater St Lucia Wetlands Park, recently renamed iSimangaliso Wetlands Park) in 1999. It is the largest estuarine lake in Africa, with a surface area of 350 km 2 and a shoreline of > 400 km in length (Day 1981 , Fielding et al. 1991 and was proclaimed a Ramsar Wetland in 1991.
The St Lucia system has historically been typified by episodic droughts and flooding events, resulting in alternating periods of very low salinity and hypersaline conditions, which inflict a considerable stress on the resident organisms (Taylor 2006) . The system is currently experiencing one of the most severe droughts in recorded history, and its mouth has largely been closed off from the Indian Ocean since June 2002 (Cyrus & Vivier 2006) . It opened to the ocean briefly via the adjacent Mfolozi River during a flood in January 2004 (Cyrus & Vivier 2006) , and then again for a 6 mo period from March until August 2007. The latter opening was not due to increased rainfall in the catchment, but to the extreme wave height associated with Cyclone Gamede, which broke the sandbar on the seaward side.
Previous phytoplankton studies undertaken in the St Lucia Estuary are limited to the taxonomic works by Cholnoky (1968) , Grindley & Heydorn (1970) and Millard & Broekhuysen (1970) , the cell volume survey by Johnson (1976) , the examination of chlorophyll a (chl a) biomass by Fielding et al. (1991) and a recent taxonomic and ecological survey of the benthic and pelagic diatoms by Bate & Smailes (2008) .
The aim of the present study was, therefore, to quantify microalgal biomass in the water column (phytoplankton) and sediment (microphytobenthos) during the present drought and to identify the mechanisms responsible for spatio-temporal patterns in microalgae across the whole system. This work is part of a broader programme aimed at understanding the biodiversity and ecological functioning of intermittently open and shallow estuaries. This is especially important in the context of the current escalation of alternating dry and wet cycles in response to climate change.
MATERIALS AND METHODS
Study area. The St Lucia Estuary is situated in northern KwaZulu-Natal, South Africa, and lies between 27°52' S and 28°24' S and 32°21' E and 32°34' E. The estuary consists of 3 shallow interconnected lakes that discharge into the Indian Ocean via a 21 km long channel called the Narrows (Fig. 1) . The system is generally subdivided into the Mouth, Narrows, South Lake, North Lake and False Bay. Normally, the estuary receives water from 5 rivers (Mpate, Mkuze, Mzinene, Hluhluwe and Nyalazi), as well as direct rainfall and ground water seepage flowing in from a high sand dune cordon lying between the eastern shores and the Indian Ocean (Fig. 1) . Within historic times, freshwater has also been received from the Mfolozi River during droughts, when the lake level was very low (Taylor 2006 ). However, due to a very high silt load during floods arising from agricultural utilisation of the Mfolozi flood plain, the connection between the rivers has been artificially closed since 1952, in order to prevent excessive siltation of the estuary. As a result of the above factors, extremely shallow water levels, with an average depth down from the full level of ~0.9 to 0.46 m and a maximum depth of 3.5 m, have prevailed during the peak of the drought.
During this period, poor water quality inside the estuarine lake was also exacerbated by wind-induced turbidity. Even light winds can cause strong mixing and wave action over the large, shallow water surface of the St Lucia Estuary (Forbes et al. 1987) . The sediment granulometry of the system has been reported by Pillay & Perissinotto (2008) . In brief, sediments in the mouth region are composed of fine sand, becoming more silty in the northern parts of the Narrows. Sediments in the southern half of South Lake are a mixture of coarse and fine sand, but become finer further north into the system, being classified there as fine to coarse silt.
Fourteen stations were sampled regularly every 3 mo, from August 2004 to October 2005. After this initial phase of wide spatial cover, it was decided, on the basis of similarity analysis, that 1 station located on each side of the 3 lakes (False Bay, North Lake, South Lake) and another 2 each for the Narrows and Mouth included most of the spatial diversity observed (Pillay & Perissinotto 2008 , Carrasco et al. 2010 . Hence, from February 2006 until August 2007, 5 representative stations were sampled, viz. the Mouth, Esengeni (Narrows), Charters Creek (South Lake, western shore), Catalina Bay (South Lake, eastern shore) and Listers Point (False Bay). Another 5 stations, H1, H2, H3, H4 and H6 (Fig. 1) were sampled on only 1 occasion, in December 2006, using helicopter transport. More regular access to these areas, and the North Lake in general, was not possible due to the absence of roads and the extremely shallow water, which precluded the use of a boat.
Physico-chemical measurements. Water depth, temperature, salinity, dissolved oxygen and pH were measured on each survey using either a YSI 556 or YSI 6920 Multiprobe system. Irradiance levels (photosynthetic available radiation [PAR] , 400-700 nm) were measured using a LI-COR light meter, fitted either with a LI-189 or LI-193SA quantum sensor. Physico-chemical variables were measured at the water subsurface, but also at the sediment -water interface at sites deeper than 50 cm. Surface and bottom PAR were measured at all sites and were used to calculate the diffusive light attenuation coefficient (K d ), using the following equation:
) at depth z 2 (m) and I z 1 is irradiance at depth z 1.
Samples of surface water and sediment porewater were collected for the measurement of dissolved inorganic nitrogen (DIN: nitrate + ammonia) and phosphorous (DIP: orthophosphate). Inorganic nutrient levels were measured by the Council for Scientific and Industrial Research (CSIR, Durban), using a Technicon II Autoanalyzer and following the methods of Mostert (1983) .
Phytoplankton biomass. Water samples for the measurement of phytoplankton biomass (as chl a) were collected at the subsurface level on each sampling trip, while bottom samples were collected only at deeper sites, where depth exceeded 50 cm. Aliquots of water (100 to 250 ml) were filtered on GF/F glass-fibre filters to determine the total autotrophic pelagic biomass. Phytoplankton was also size-fractionated by sequentially filtering known volumes of water samples through 20 µm Nitex, 2.0 µm Millipore and Whatman GF/F glass-fibre filters (Sieburth et al. 1978) . After filtration, chl a was extracted by placing filters in 90% acetone for 24 to 48 h at < 5°C. A Turner Designs 10-AU fluorometer fitted with a narrow-band, non-acidification system (Welschmeyer 1994 ) was used to measure chl a concentration.
Microphytobenthic biomass. Triplicate samples of the upper 10 mm of sediment were collected randomly within a distance of 1 to 5 m from each other with a Perspex twin-corer (internal diameter = 20 mm) at each site; these were transferred to polyethylene bottles containing 30 ml acetone (90%) for chl a extraction, following the recommendations of Rodriguez (1993) and Nozais et al. (2001) Statistical analysis. Cluster analysis was performed using the PRIMER (Plymouth Routines in Multivariate Ecological Research) V5 statistical package on both phytoplankton and microphytobenthic data, to determine spatial trends in their distribution within the St Lucia Estuary (Clarke & Warwick 1994) . Dendrograms were constructed from similarity matrices generated from Bray-Curtis similarities, using non-transformed and non-standardised biomass data. The groupings of sites from dendrograms were superimposed onto topographical maps of the St Lucia Estuary for visualisation. For univariate statistical testing, data were transformed [log(x + 1) or arcsine], in order to approximate normality in distribution (Zar 1999) . However, when this still did not result in normality of distribution or homogeneity of variance, non-parametric testing was used for specific analyses. Correlation analyses (Spearman) were performed between physico-chemical parameters and chl a biomass of phytoplankton and microphytobenthos to determine relationships between these variables. Partial correlations were also obtained from zero-order matrices, in order to exclude spurious relationships (Zar 1999) . All univariate statistical tests were performed using SPSS V16.
RESULTS

Physico-chemical environment
During the study period, temperature ranged from 17.2 to 36.6°C, with the lowest values generally recorded from June to August (20.4 ± 0.53°C, SE) and the highest from November to February (29.1 ± 0.5°C, SE). Because of the shallowness of its water column, the lake region consistently exhibited the widest temperature ranges (17.4 to 36.6°C), while variations were more restricted in the deeper Narrows and Mouth areas (18.6 to 32.3°C).
A reversed-salinity gradient existed in the system from August 2004 until February 2006 . During this period, salinity values at the Mouth and Narrows ranged from 5.3 to 17.9 psu, while in the South Lake and North Lake/False Bay regions these ranged from 7.4 to 59.9 psu and from 6.3 to 133.7 psu, respectively. Cases of extreme hypersalinity were prominent during this period, especially in South and North lakes, as well as False Bay (Fig. 2) . Salinity levels were much less extreme during the remainder of the survey, with fewer records of hypersaline conditions reported between April 2006 and November 2007 (Fig. 2) . During this latter period, at the Mouth and in the Narrows, salinity ranged from 1.8 to 36.4 psu, whereas in the South Lake and False Bay regions it ranged from 10.6 to 33.4 psu and from 18.3 to 42.9 psu, respectively.
At most sampling sites, depth was generally < 0.2 m (Fig. 3) . The only sites where water depth was consistently > 0.2 m were near the Mouth and in parts of the Narrows. As the drought intensified, the water in parts of the South and North lakes evaporated completely (Fig. 3) . After 5 yr of uninterrupted closure, the estuary's mouth breached on 2 March 2007 and remained open continuously for almost 6 mo until 24 August 2007, despite continuing drought conditions. The breaching of the mouth was not related to rainfall, but was the result of very high seas caused by a regional cyclone, strong onshore winds and spring high tides. During this 6 mo open phase following the breach, the water level increased markedly as seawater flowed in, particularly in the driest parts of the lakes, where water depths virtually returned to their pre-drought state (Fig. 3) .
Absolute and relative oxygen content in the water column was highly variable, ranging from 0.06 to 12.8 mg l -1 and 0.9 to 212%, respectively, over the survey period. s -1 (59.6 ± 4.5%) in North Lake. Light attenuation coefficients (K d ) peaked in the South Lake region of the system (Fig. 4) . Coefficients varied between 0.4 and 20.3 in the Mouth and Narrows of the estuary, but ranged between 1.5 and 51.9 in South Lake and between 0.9 and 36.1 in the North Lake/False Bay area (Fig. 4) .
Water-column DIN values ranged between 0.001 and 653 µM, while DIP ranged between 0.0001 and 4.65 µM (Fig. 5A) ; Fig. 7) . The highest values were observed in the Narrows/Mouth region and the lowest in the lakes. In terms of size fractions, water-column chl a was generally dominated by nanophytoplankton (2 to 20 µm), which overall accounted for 63.7 ± 24.1% (SD) of the total chl a biomass measured in the estuarine lake during the study period (Fig. 8) . This was followed by microphytoplankton (> 20 µm), with 18.5 ± 19.9% (SD) and picophytoplankton (< 2 µm), with 17.7 ± 15.2% (SD) of the total. Exceptions to the dominance of the nanophytoplankton size fraction occurred just prior to or after the period of mouth breaching (February, April and May 2007) , as well as in August and November 2006, when pico-and microphytoplankton increased in abundance. At Tewate Bay Central, picophytoplankton was dominant, while microphytoplankton dominated at Tewate Bay South (Fig. 8) .
Results from cluster analysis (Fig. 9A ) show that the phytoplankton assemblages of the St Lucia Estuary could be subdivided into 2 distinct groups on the basis of their biomass. Phytoplankton Cluster 1 includes all stations in the region of the Narrows, Mouth and South Lake, as well as 2 stations in the northern area of North Lake and 3 others in the southern branch of False Bay (Fig. 9A) . Phytoplankton Cluster 2 includes the northern branch of False Bay and the vast majority of North Lake sites.
The relationship between the physico-chemical parameters and all phytoplankton data pooled (Table 1) Partial correlation analysis (Table 2) showed that water depth was always positively correlated with phytoplankton biomass, irrespective of which variable was held constant (p < 0.01). Porewater DIN was also positively associated with phytoplankton biomass, except when water depth was controlled. 
Microphytobenthos
Microphytobenthic biomass (as chl a) was consistently much higher in the lake regions than in the Narrows or at the Mouth (Fig. 10) . The average (± SD) value for the entire estuarine complex was 201 ± 377 mg m ), microphytobenthic biomass was on average (± SD) 6.5-fold (± 6.8) higher (Fig. 7) . However, at deep stations (1 to 4 m) in the Narrows and at the Mouth, this pattern was often reversed, with values being 1.02-to 11.6-fold higher in the water column than in the sediment. Water-column and sediment microalgal biomass levels were negatively correlated with each other during the study period (p < 0.001, R = -0.39). The microphytobenthos data revealed 3 clusters. Microphytobenthos Cluster 1 includes the areas of the Narrows and Mouth, as well as the western shores of North Lake. Microphytobenthos Cluster 2 includes South Lake and all of the eastern shores of North Lake, with the exception of Tewate Bay (H1), while Microphytobenthos Cluster 3 includes Tewate Bay (H1) and False Bay (Fig. 9B) .
Microphytobenthic biomass was positively correlated with salinity (p < 0.05, R = 0.2) and water-column irradiance (p < 0.05, R = 0.26), but negatively with water depth (p < 0.001, R = -0.45; Table 1 ). During the closed phase, microphytobenthic biomass was positively associated with irradiance (p < 0.05, R = 0.27) and salinity (p < 0.01, R = 0.25), but negatively with water depth (p < 0.001, R = -0.44). When the estuary mouth breached in 2007, microphytobenthic biomass was positively correlated with water temperature (p < 0.05, R = 0.7), dissolved oxygen (p < 0.01, R = 0.85) and porewater DIP (p < 0.001, R = 0.9), but negatively with water depth (p < 0.05, R = -0.85; Table 1 ).
Partial correlation analysis (Table 2) showed that microphytobenthic biomass was positively correlated with water-column DIN when water-column DIP (p < 0.01, R = 0.69) and porewater DIP (p < 0.05, R = 0.56) were controlled, and with water-column DIP when water-column DIN was held constant (p < 0.05, R = 0.62). ; Adams et al. 1999 ).
DISCUSSION
The average values are, however, within the range of those reported from several other estuaries, although generally at the higher end. For instance, Lukatelich & McComb (1986) , with the highest individual value of 500 mg m -2 in the Bay of Fundy, Canada. The value measured at Charters Creek of 2576 mg m -2 must, therefore, be close to a record high and the result of unusual circumstances. Preliminary measurements with a BBE Fluoroprobe (Moldaenke), have indicated that the bulk of this exceptional microphytobenthic chl a peak may have been due to mats of cyanobacteria, which are adapted to taking advantage of the extreme conditions that regularly develop in the area. The phytoplankton biomass data for St Lucia, when integrated over the entire water column, showed chl a levels of between 0.02 to 537 mg m -2 of water surface area (average ± SD: 31 ± 55 mg m -2 ). These values are very similar to those for the Peel-Harvey Estuary (Australia), which also spiked occasionally to around 600 mg m -2 of water surface area (Lukatelich & McComb 1986 ). On average, biomass values in the water column in the Australian system were about 40 times lower than on the sediment. Comparison of water-column versus sediment values at St Lucia shows that areal phytoplankton biomass provided the greatest contribution at the Mouth and the Narrows, but then declined in South and North Lakes (Fig. 7) . Microphytobenthos showed the reverse trend, with biomass peaking in South and North Lakes, but declining in the region of the Mouth and Narrows.
Clear patterns from ordinations and cluster analyses emerged, showing that phytoplankton biomass was spatially distinct between the southern and northern halves of the system, while microphytobenthic biomass was generally different between the Narrows and the rest of the system (Fig. 9) . The relatively coarse sampling frequency that was adopted in the present study did, however, result in occasional odd distributions and clustering anomalies (e.g. microphytobenthic Cluster 3 in 2 separate positions). The spatial pattern in both microalgal groups was correlated with spatial differences in salinity, water depth and bottom irradiance, with dissolved oxygen, pH, K d and DIP additionally correlating with phytoplankton biomass. Light availability is a key factor influencing aquatic microalgae (Nozais et al. 2001) , which is itself dependent on water depth and turbidity (Cahoon 1999) . It is very likely that the reduced water depth enhanced light penetration in the northern regions of the system, leading to a proliferation of microalgae, while the greater water depth and higher mean turbidity at the Mouth, Narrows and South Lake may have inhibited microalgal growth in these areas. Other factors that may have played an important role in the observed microalgal distribution pattern are temperature and salinity. The temperature trend measured in the system was not unexpected, being lowest during winter and highest in summer. However, the range of temperatures was mostly controlled by water depth, with deeper areas being least sensitive to fluctuation. As a result, in the shallowest portions of the lakes, temperatures reached almost 50°C during the hottest summer days. The reversed salinity gradient observed from August 2004 until February 2006 was mostly the result of small freshwater inflow to the Narrows from seepage and small streams. Being wide and shallow, the lakes region, and especially False Bay, had a greater tendency to become hypersaline during droughts, because the rivers did not flow. Under normal rainfall conditions, the highest salinity can be expected near the mouth (Forbes & Cyrus 1993) . The water at most sampling sites during the study was very shallow, being generally < 0.2 m. On many occasions, wind-driven lateral water circulation could be observed, especially in the shallow lake areas. It is possible that this water movement is responsible for some of the data that were measured and the patterns that were formed.
Grazing by invertebrates is also known to affect microalgal biomass in estuaries and other aquatic ecosystems (Nichols 1985 . In temporarily open/closed estuaries, for example, the dominant zooplankton species can graze up to 69% of the available phytoplankton, and the chl a ingested can occasionally exceed 100% of the phytoplankton production . Likewise, it has been demonstrated that benthic macrofauna in northern San Francisco Bay may have been responsible for declines in local phytoplankton biomass during drought conditions (Nichols 1985) . This latter author estimated that a suspension-feeding bivalve population could have cleared all particles (including diatoms) in the water column, at least once a day (Nichols 1985) . Pillay & Perissinotto (2008) demonstrated that the total abundance of macrofauna was negatively correlated with microphytobenthic biomass in the St Lucia Estuary during the 2005 drought phase. In some hypersaline regions macroinvertebrates were absent, but microphytobenthos flourished. The authors suggested that the lack of grazing control may have been responsible for the high microphytobenthic biomass recorded, especially in the northern regions (Pillay & Perissinotto 2008) . Carrasco et al. (2010) also showed an inverse correlation between density and biomass of zooplankton with microphytobenthic biomass. Given these findings, reductions in grazing pressure mediated by extreme environmental conditions may be an important mechanism by which droughts influence microalgal biomass in the system. Mouth state is known to be a major structuring agent of estuarine communities, and significantly affected physico-chemical dynamics in the St Lucia Estuary, leading to major impacts on microalgal groups. In similar situations along the Uruguayan coast, Bonilla et al. (2005) found that mouth breaching had an overwhelming effect on the phytoplankton of coastal lagoons only periodically connected with the Atlantic Ocean. They suggested that the large-scale variations, induced by the hydrodynamic events that follow a change in mouth state, are more important than seasonal and spatial differences. Prior to the opening of the St Lucia Estuary in 2007, salinity, water depth and bottom irradiance were the main factors affecting microphytobenthic biomass, while water-column nitrogen (DIN) concentration mainly affected phytoplankton biomass. When the system breached, none of the environmental variables correlated with phytoplankton biomass, but K d correlated with microphytobenthic biomass. When the system closed again, water temperature and depth, along with DIP in the water column, correlated best with microphytobenthic biomass, but none of the variables measured correlated with phytoplankton biomass (Table 1) . When data were pooled, salinity, water depth, bottom irradiance and K d correlated best with microphytobenthic biomass, while bottom irradiance and DIN correlated best with phytoplankton biomass. Partial correlation analysis indicated that water depth was the overriding factor affecting microphytobenthic biomass, over and above the effects of both salinity and temperature ( Table 2) . None of these variables correlated with phytoplankton biomass.
Overall, DIN:DIP ratios were greater than the Redfield optimum of 16 for 60% of the time, and 27% of the time they were lower than this value. This indicates that microalgal production in the St Lucia Estuary may be limited by availability of either P or N for a substantial part of the year. However, in estuarine waters, it is unlikely that nutrient limitation sets in until DIN and DIP concentrations fall below thresholds of about 2 and 0.2 µM, respectively (Fisher et al. 1992) . Similar threshold values during the current study were observed only 15% (N) to 33% (P) of the time in the water column and even less frequently in porewater (1.5 and 5.7%, respectively). Primary production measurements, conducted recently in the estuary, indicate that P-limitation may occur predominantly from June to November, while N-limitation mainly occurs from February to May (van der Molen & Perissinotto unpubl. data). This would result in a summer productivity peak during the period of transition from P-to N-limitation. The question of where the high levels of DIN and DIP come from was partly answered by Johnson (1976) , who showed that the total N input from rivers in the northern lakes was significant, i.e. up to 44 µM from the Nyalazi River and 42 µM from the Hluhluwe River, and that during a period of high inflow in October 1973 the N concentration in the lake rose from 8.6 to 14.3 µM. These values are far lower than the high value of 653 µM measured during the present study, but it must be remembered that the very high values were recorded in False Bay when water levels were at their lowest, with ongoing evaporation increasing concentrations further. Johnson (1976) reported that P values in the lake fluctuated between 0.3 and 1.3 µM, but that river water flowing in had a much lower concentration than that of the lake, the implication being that high river inflow periods tend to lower P concentrations. During the present study, mineralisation of animal wastes, with a reduction in uptake because of the very high salinity values, was also likely.
The St Lucia Estuary is regarded as one of the most dynamic and extreme systems in Africa. The present study has confirmed this estimation, showing exceptionally high variability at both long (years) and medium (months) temporal scales, with respect to the physico-chemical environment and microalgal biomass. Given that microalgae form the base of planktonic and benthic food webs in the St Lucia Estuary (Govender unpubl. data), it is likely that their dynamics may ripple up food webs and explain, at least in part, the dynamic and often extreme nature of the higher trophic levels of this system. The estuary is currently undergoing an unprecedented crisis in terms of its conservation and management because of a prolonged drought, which has so far resulted in (1) 7 yr of semi-continuous mouth closure, (2) water levels below mean sea level and (3) extreme hypersaline conditions (Taylor 2006 , Pillay & Perissinotto 2008 , 2009 , Carrasco et al. 2010 . Alternation of dry and wet cycles are not new to this estuary, as regular occurrences of 4 to 10 yr cycles of either droughts or anomalous wet conditions have been documented since at least the early 1900s (Taylor 2006) . Projections of climate change for the next 50 to 100 yr indicate that this situation will deteriorate even further, with the most likely scenario being an alternation of extreme droughts followed by floods (Schulze 2006 ). It will be important to monitor changes in microalgal productivity and biomass through these developments, as they may provide valuable early warning signals for the sustainable management of this unique ecosystem. 
